HgC92. NaF, atoxyl, diisopropyl fluorophosphate, quinine, and physostigmine did not influence the esterase activity of the antibacterial agent. The demonstration of esterase activity of both the antistaphylococcal agent and coagulase may shed further light on the reported ability of coagulase to neutralize the antistaphylococcal activity of this agent, or the prevention of absorption of the agent on the staphylococcal cell surface. In addition, the colorimetric procedure described in this report may be a convenient tool in assaying the potency of the antistaphylococcal agent.
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Previous work in this laboratory has shown that normal human serum contains a protein with a lethal activity against staphylococci. This antibacterial agent is a heat-labile nondialyzable pseudoglobulin with an isoelectric point around pH 4.0 The antibacterial agent is removed from aqueous solution by staphylococci. Prior treatment of cells with coagulase prevents the absorption of this agent on the staphylococcal cell surface and thus protects the cells from the antibacterial action of the agent (13, 14, 16) .
The aim of the present study was to assay the antibacterial agent for esterase activity. A complete study of the enzymatic activities of the antibacterial agent is necessary for the elucidation of the chemical mode of action of the antibacterial agent.
MATERIALS AND METHODS Preparation and assay of the antibacterial agent. The antibacterial agent was concentrated from human serum by ammonium sulfate and ethyl alcohol precipitation (13) . This procedure resulted in approximately 1,000-fold purification. A final 2,000-fold purification was effected by twice passing the antibacterial agent through Seitz filters. Manometric studies and plate counts (13) showed that this material was active against staphylococci at a concentration of 0.5 mg/ml (Table 1) . Under the conditions of electrophoretic separation, the antibacterial agent was found to be homogeneous (Fig. 1) .
To induce the production of antibody to the antibacterial agent in rabbits, pooled human antibacterial agent was used. To 25 mg of antibacterial agent, 80 ml of distilled water and 90 ml of 10% KAl(S04)2-12H20 were added, and the pH was adjusted to 6.5 with 5 N NaOH. The mixture was centrifuged, and the sediment was washed twice with saline. The washed sediment was made up to 100 ml with this suspension. Five rabbits were injected intramuscularly on the 1st and 14th days with 10 ml of this suspension, and intraperitoneally on the 24th day with 5 ml of untreated antibacterial agent at a concentration of 1 mg/ml in distilled water. Immune serum was collected on the 34th day, and the y-globulin was precipitated by the addition of a 33% saturation of Colorimetric determination ofp-nitrophenol. Working standard solutions of p-nitrophenol in distilled water contained 0.1 to 0.7 ,umole of p-nitrophenol per ml; 1 ml of each concentration was placed into colorimeter tubes, followed by 9 ml of 0.05 M Tris-HCI buffer (pH 7.4). The recorded scale readings were plotted against the concentrations in micromoles per milliliter of the p-nitrophenol standards. A tube containing 1 ml of distilled water and 9 ml of Tris buffer served as a blank, and was used to set the co!orimeter to zero. By use of a Klett-Summerson photoelectric colorimeter and a blue filter (no. 42), the calibration curve was determined to be essentially linear to 0.07 ,umole/ml, and the reproducibility of the values was in the range of ± 3 to 8% of the mean. Under these conditions, 1 Klett unit was equivalent to 2.5 X 10-4 ,umoles/ml of p-nitrophenol. The color formed was stable for at least 2 hr.
Chemicals terial agent (dissolved in 1 ml of the appropriate buffer), 2 ml of substrate at a concentration of 0.3 ,mole/ml, and 7 ml of the corresponding buffer were added in the colorimeter tubes. Incubation and color development were carried out as previously described. The results (Table  4) indicate that optimal activity occurred at pH 7.4 to 7.6. For comparison, hydrolysis of substrate by the blanks is shown parenthetically, and it has not been subtracted from the values recorded in this table.
Effect of temperature. The effect of temperature on the esterase activity of antibacterial agent was investigated by the general assay procedure. All of the components of the test system were brought separately to the desired temperature of incubation. Blanks contained heat-inactivated antibacterial agent, and were treated similarly. The hydrolysis of p-nitrophenol acetate by these blanks has been subtracted from the values reported in Table 5 . The maximal rate of hydrolysis was observed at 30 C.
Effect of inhibitors. Eight compounds frequently used as selected enzyme inhibitors in esterase studies (1) were employed: physostigmine sulfate, quinine hydrochloride, diisopropyl chloride, but not by magnesium chloride. Cysteine reversed the inhibition due to mercury. Sodium fluoride, sodium arsanilate, diisopropyl fluorophosphate, quinine, and physostigmine had no effect on the esterase activity of the antibacterial agent. Substrate spectrum. The ability of antibacterial agent to hydrolyze selected esters was studied manometrically. The reaction vessels contained 1 ml of 10-2 M substrate, 0.5 ml of antibacterial agent (5 mg), and 0.7 ml of 5.2 X 10-2 M NaHCO3 (pH 7.8). Both the antibacterial agent and the substrate were dissolved in 5.2 X 10-2 M NaHCO3. All samples were tested at 25 C in an atmosphere of 5% CO2 and 95% N2, and were run five times. Solutions and reagents were subjected to the gas mixture for 15 min, and were equilibrated for another 10 min in a closed system. At this point, the substrates were tipped in, and the evolution of CO2 was measured Controls contained boiled antibacterial agent, and were treated similarly; the control values were subtracted from the mean values recorded in Table 7 . Triacetin was the most susceptible substrate tested. Activity on tristearin, tripalmitin, and triolein as substrates was not detected in the absence or presence of emulsifying agents, such as polyvinyl alcohol, gum acacia, or gum arabic. Similarly, choline esters were not attacked by the antibacterial agent. Five units of type II human pseudocholinesterase, acting on acetylcholine iodide and benzoylcholine chloride, released 492 and 1,035 ,liters of C02, respectively, in 30 min.
The hydrolysis of six synthetic amino acid esters by the antibacterial agent was also tested, by use of the formaldehyde titration method of Sherry and Troll (11) . The reaction mixture contained 0.2 ml of 0.04 M amino acid ester, 0.2 ml of antibacterial agent (5 mg), and 0.6 ml of 0.05 M Tris buffer (pH 8.5); the mixture was incubated at 37 C for 60 min. Then 1.0 ml of 37% formaldehyde, which had been brought to pH Table 8 . L-Lysine methyl ester, L-lysine ethyl ester, and L-norleucine methyl esters were hydrolyzed by the antibacterial agent, whereas p-tosyl-L-arginine methyl ester, p-tosylglycylglycine benzyl ester, and p-tosyl-L-leucine benzyl ester were not attacked by this agent. L-Lysine methyl ester was the most susceptible substrate tested.
DISCUSSION
The ability of the antibacterial agent to hydrolyze synthetic esters was readily demonstrated, but the relation between the enzymatic and antimicrobial activities needs careful evaluation. Since absorption of the antibacterial agent is one of the factors that determine the sensitivity of a given strain to this agent, and since the removal of lipids from the staphylococcal cells partially prevents the absorption of the antibacterial agent (14) , it is possible that the esterase activity contributes to the absorption, and therefore the antibacterial activity, of the agent. Furthermore, the demonstration of esterase activity of both the antibacterial agent and of coagulase (4) may explain the reported ability of coagulase to neutralize the antibacterial activity of human serum (5-7, 12, 15) , or to prevent the absorption of the antibacterial agent on the staphylococcal cell surface (14) .
Gel diffusion experiments, electrophoretic studies, the observation that crude preparations of the antibacterial agent were less active than the purified ones, and the finding that similar concentrations of this agent were required for antibacterial and esterase activity, provide evidence that we are dealing with a single protein molecule. Nevertheless, the possibility remains that the antistaphylococcal and esterase activity may be carried by different, although physicochemically similar, protein molecules.
The inability of the antibacterial agent to attack choline esters and tosylarginine methyl ester, and its insensitivity to some of the known serum esterase inhibitors such as sodium arsanilate, physostigmine, diisopropyl fluorophosphate, and quinine, suggest that the esterase activity of the antibacterial agent is not the same as red-cell and serum cholinesterase (10), trypsin and chymotrypsin (9), thrombin (11) , or the esterase of the first component of complement (8) . Furthermore, none of the above-mentioned enzymes is known to possess antistaphylococcal activity.
Since the chemical mode of action of the antibacterial agent is not known, the demonstration of esterase activity in this agent is of interest. In addition, the colorimetric procedure described in this paper may be a convenient method for assay of the potency of this agent.
